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[FIG. 23J 

A centra] vertical sectional front view showing a multi- 
axial sensor according to a sixth embodiment. 
[FIG. 24J 

A plan view showing the arrangement of strain gauges 
when the multiaxiai sensor according to the sixth embodi- 
ment is transparently viewed in the reverse direction of the 
Z axis. 

[FIG. 25] 

A central vertical sectional front view showing displace- 
ment when an acceleration ax is applied to the multiaxiai 
sensor. 

[FIG. 26] 

A plan view showing changes in the resistance values of 
the strain gauges when the acceleration ax is applied to the 
multiaxiai sensor. 

[FIG. 27] 

A central vertical sectional front view showing displace- 
ment when an acceleration az is applied to the multiaxiai 
sensor. 

[FIG. 28] 

A plan view showing changes in the resistance values of 
the strain gauges when the acceleration ax is applied to the 
multiaxiai sensor. 

[FIG. 29] 

A central vertical sectional fmnt view showing displace- 
ment when an angular acceleration alpha y is applied to the 
multiaxiai sensor. 

[FIG. 30] 

A plan view showing changes in the resistance values of 30 
the strain gauges when the angular acceleration alpha y is 
applied to the multiaxiai sensor. 

[FIG. 31] 

A plan view showing changes in the resistance values of 
the strain gauges when an angular acceleration alpha z is 35 
applied to the multiaxiai sensor. 

[FIG. 32] 

Circuit diagrams showing examples of bridge circuits for 
the multiaxiai sensor. 
[FIG. 33] 

Circuit diagrams showing examples of bridge circuits 
according to a seventh embodim^t. 
[FIG. 34] 

A plan view showing a multiaxiai sensor according to an 
eightii embodiment. 
[FIG. 35] 

A central vertical sectional front view showing the mul- 
tiaxiai sensor according to the eighth embodiment. 
[FIG. 36] 

A central vertical sectional front view showing a multi- 
axial sensor according to a ninth embodiment. 
[FIG. 37] 

A plan view showing the arrangement of strain gauges 
when a multiaxiai sensor according to the ninth embodiment 
is Z-axially transparently viewed from the position of a 
second member. 

(FIG. 38] 

A central vertical sectional front view showing displace- 
ment when a force Fx is applied to the multiaxiai sensor. 
[FIG. 39] 

A plan view showing changes in the resistance values of 
the strain gauges when the force Fx is applied to the 
multiaxiai sensor. 

[FIG. 40] 

A central vertical sectional front view showing displace- 
ment when a force Fz is applied to the muhiaxial sensor. 
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[FIG. 41] 

A plan view showing changes in the resistance values of 
the strain gauges when the force Fz is applied to the 
multiaxiai sensor. 

[FIG. 42] 

A central vertical sectional front view showing displace- 
ment when a force Mx is applied to the multiaxiai sensor. 
[FIG. 43] 

A plan view showing changes in the resistance values of 
the strain gauges when the force Mx is applied to the 
multiaxiai sensor. 

[FIG. 44] 

A plan view showing changes in the resistance values of 
the strain gauges when a force Mz is applied to the multi- 
axial sensor. 

[FIG. 45] 

Circuit diagrams showing examples of bridge circuits for 

the multiaxiai sensor. 
[FIG. 46] 

A circuit diagram showing an example of a dummy 
circuit. 
[FIG. 47] 

A plan view showing the arrangement of sUain gauges 
when a multiaxiai sensor according to a tenth embodiment 
is Z-axially transparently viewed from the position of a 
second member. 

[FIG. 48] 

Circuit diagrams showing examples of bridge circuits 
according to the tenth embodiment. 
[FIG. 49] 

A perspective view showing a prior art muhiaxial sensor. 

DESCRIPTION OF REFERENCE NUMERAL 

1: multiaxiai sensor 

2: first member 

3: second member 

4, 5, 6, 7: diaphragm 

8: central shaft 

10: piezoresi stance element 

16, 17, 18, 19: operative body 

Rll to R48, Rill to R148: strain gauge 

The invention claimed is: 

1. A 6-axis sensor for measuring 6-axis forces and 
moments or 6-axis accelerations and angular accelerations, 
externally applied, characterized by comprising: 
a plurality of strain gauges disposed on one plane; 
a plurality of first diaphragms to which the plurality of 

strain gauges are attached; 
a first member comprising one of the plurality of first 
diaphragms; 

a second member comprising a second diaphragm 
opposed to the one of the plurality of first diaphragms 
and provided with a plurality of strain gauges disposed 
on one plane; and 

a connecting shaft connecting the opposed first and sec- 
ond diaphragms; 

wherein the plurality of first diaphragms are arranged 
around a central point of the plane at regular angular 
intervals and at the same distance from the central 
point; 

6-axis forces and moments applied between the firsPaTicOnLV 
second members are measured; t^ulGli'^ 
the strain gauges of the first member and the strain gauges 



of the second member are disposed symmetrically with, i ■ • ^ h 2008 
respect to a baryccntric point of the 6-axis sensor; and) ^ 
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either outputs of the strain gauges of the first member and 
the strain gauges of the second member are adopted if 
the other ouputs are out of a predetennined range. 

2. ITie 6-axis sensor according to claim 1, characterized in 
t the angular interval in,90 degrees. 5 

3. The 6-axis sensor according to claim 1, characterized in 
that the diaphragms are disposed in positive and negative 
direction on X and Y axes with an origin being defined at the 
central point. 

4. The 6-axis sensor according to claim 1, characterized in lO 
that the angular interval is 120 degrees. 

5. The 6-axis sensor according to claim 1, characterized in 
that a thin portion of each of the plurality of first diaphragms 
is annular and provided with eight strain gauges, and 

the strain gauges are disposed at outer and inner edge 15 
portions of each of the plurality of first diaphragms on 
a line extending between a central point of each of the 
plurality of first diaphragms and the central point of the 
plane, and at outer and inner edge portions of each of 
the plurality of first diaphragms on a line perpendicular 20 
to the former line at the central point of each of the 
plurality of first diaphragms. V 

6. The 6-axis sensor according to claim 1, characterized in ^ 
that the 6-axis sensor further comprises an operative body 
provided on a central portion of one or more of the plurality 25 
of first diaphragms, and 

6-axis accelerations and angular accelerations applied to 
tlie 6-axis sensor are measured. 

7. The 6-axis sensor according to claim 1, characterized in 
that each of the strain gauges is made of a piezoresistance 30 
element. 

8. The 6-axis sensor according to claim 1, characterized in 
that each of the strain gauges is made of a thin film of 
chromium oxide formed on an insulating film. 

9. A 6-axis sensor for measuring 6-axis forces and 
moments or 6-axis accelerations and angular accelerations, 
externally applied, the 6-axis sensor comprising: 

a plurality of strain gauges disposed on one plane; 
a plurality of first diaphragms to which the plurality of 

strain gauges are attached; 
wherein only one of the plurality of first diaphragms is 

disposed on the plane; 
a first member comprising one of the plurality of first 

diaphragms; 

a second member comprising a second diaphragm pro- 45 
vided with a plurality of strain gauges disposed on one 
plane; and 

operative bodies connecting the first and second dia- 
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wherein the first and second members are disposed so that 
a central point of the first diaphragm of the first member 
is opposed to a central point of the second diaphragm 
of the second member, 

wherein the operative bodies connects the first and second 
diaphragms at positions arranged around the central 
points of the first and second diaphragms at regular 
angular intervals and at the same distance from the 
central points, and 6-axis forces and moments applied 
between the first and second members are measured, 

wherein the strain gauges of the first member and the 
strain gauges of the second member are disposed 
synunetrically with respect to a baiycentric point of the 
6-axis sensor, and 

wherein either outputs of the strain gauges of the first 
member and the strain gauges of the second member 
arc adopted if the other outputs are out of a predeter- 
mined range. 

10. The 6-axis sensor according to claim 9, characterized 
in that the angular interval is 90 degrees. 

11 . The 6-axis sensor according to claim 9, characterized 

in iaipthe operative bodies are disposed in positive and-i^ 
negative directions on X and Y axes with an origin being' 
defmed at the central point of the first diaphragm. 

12. The 6-axis sensor according to claim 9, characterized 
in that the angular interval is 120 degrees. 

13. llie 6-axis sensor according to claim 9, characterized 
in that the strain gauges are disposed: 

at edge portions of the operative bodies on a line extend- 
mg between a central point of a portion on the plane 
corresponding to the operative bodies, and the central 
point of the first diaphragm; 

at edge portions of the operative bodies on a line perpen- 
dicular to the former line at the central point of the 
portion on the plane corresponding to the operative 
bodies; and 

at either of edge portions of the operative bodies and edge 
portions of the first diaphragm, at positions arranged 
around the central point of the first diaphragm at 
regular angular intervals and at the same distance from 
the central point. 

14. The 6-axis sensor according to claim 9, characterized 
in that each of the strain gauges is made of a piezoresistance 
element. 

15. The 6-axis sensor according to claim 9, characterized 
in that each of the strain gauges is made of a thin film of 
chromium oxide formed on an insulating film. 
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AMENDMENTS TO THE CLAIMS 



Please amend the claims as follows. 



1. (Currently Amended) A 6-axis sensor for measuring 6-axis forces and moments or 6-axis 
accelerations and angular accelerations, externally applied, characterized by comprising: 

a plurality of strain gauges disposed on one plane; and 

a plurality of first diaphragms to which the plurality of strain gauges are attached; 

a first member comprising one of the plurality of first diaphragms: 

a second member comprising a second diaphragm opposed to the one of the plurality of 

first diaphragms and provided with a plurality of strain gauges disposed on one 

plane: and 

a connecting shaft connecting the opposed first and second diaphragms: 

wherein the plurality of first diaphragms are arranged around a central point of the plane 

at regular angular intervals and at the same distance from the central point; 
6-axis forces and moments applied between the first and second members are measured: 
the strain gauges of the first member and the strain gauges of the second member are 

disposed symmetrically with respect to a barvcentric point of the 6-axis sensor: 

and 

either outputs of the strain gauges of the first member and the strain gauges of the second 
member are adopted if the other outputs are out of a predetermined range . 

2. (Canceled) 

3. (Canceled) 

4. (Previously Presented) The 6-axis sensor according to claim 1, characterized in that the 



5. (Previously Presented) The 6-axis sensor according to claim 1, characterized in that the 
diaphragms are disposed in positive and negative directions on X and Y axes with an origin 
being defined at the central point. 
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6. (Previously Presented) The 6-axis sensor according to claim 1, characterized in that the 
angular interval is 120 degrees. 

7. (Previously Presented) The 6-axis sensor according to claim I, characterized in that a thin 
portion of each of the plurality of first diaphragms is annular and provided with eight strain 
gauges, and 

the strain gauges are disposed at outer and inner edge portions of each of the plurality of 
first diaphragms on a line extending between a central point of each of the 
plurality of first diaphragms and the central point of the plane, and at outer and 
inner edge portions of each of the plurality of first diaphragms on a line 
perpendicular to the former line at the central point of Aa-each of the plurality of 
first diaphragms. 

8. (Previously Presented) The 6-axis sensor according to claim 1, characterized in that the 6- 
axis sensor further comprises an operative body provided on a central portion of one or more 
of the plurality of first diaphragms, and 

6-axis accelerations and angular accelerations applied to the 6-axis sensor are measured. 

9. (Canceled) 

10. (Canceled) 

11. (Canceled) 

12. (Canceled) 

13. (Canceled) 

14. (Canceled) 

15. (Canceled) 

16. (Previously Presented) A 6-axis sensor for peasuring 6-axis forces and moments or 6-axis 
accelerations and angular accelerations, externally applied, the 6-axis sensor comprising: 

a plurality of strain jjauges disposed on one plane; 

a plurality of first diaphragms to which thp plurality of stram gauges are attached;^,, 

3 . 
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wherein only one of the plurality of first diaphragms is disposed on the plane; 

a first member comprising one of the plurality of first diaphragms; 

a second member comprising a second diaphragm provided with a plurality of strain 

gauges disposed on one plane; and 
operative bodies connecting the first and second diaphragms, 

wherein the first and second members are disposed so that a central point of the first 
diaphragm of the first member is opposed to a central point of the second 
diaphragm of the second member, 

wherein the operative bodies connects the first and second diaphragms at positions 
arranged around the central points of the first and second diaphragms at regular 
angular intervals and at the same distance from the central points, and 6-axis 
forces and moments applied between the first and second members are measured, 

wherein the strain gauges of the first member and the strain gauges of the second 
member are disposed symmetrically with respect to a barycentric point of the 6- 
axis sensor, and 

wherein either outputs of the strain gauges of the first member and the strain gauges of 
the second member are adopted if the other outputs are out of a predetermined 
range. 

17. (Canceled) 

18. (Canceled) 

19. (Canceled) 

20. (Canceled) 

21. (Canceled) 

22. (Canceled) 

23. (Previously Presented) The 6-axis sensor according to claim 1, characterized in that each of 
the strain gauges is made of a piezoresistance element. 
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24. (Previously Presented) The 6-axis sensor according to claim 1, characterized in that each of 
the strain gauges is made of a thin film of chromium oxide formed on an insulating fihn. 

25. (Canceled) 

26. (Canceled) 

27. (Previously Presented) The 6-axis sensor according to claim 16, characterized in that the 
angular interval is 90 degrees. 



28. (Previously Presented) The 6-axis sensor according to claim 16, characterized inttiaj^thej 
operative bodies are disposed in positive and negative directions on X and Y axes with an 
origin being defined at the central point of the first diaphragm. 

29. (Previously Presented) The 6-axis sensor according. to claim 16, characterized in that the 
angular interval is 120 degrees. 

30. (Previously Presented) The 6-axis sensor according to claim 16, characterized in that the 
strain gauges are disposed: 

at edge portions of the operative bodies on a line extending between a central point of a 



of the first diaphragm; 
at edge portions of the operative bodies on a line perpendicular to the former line at the 
central point of the portion on the plane corresponding to the operative bodies; 
and 

at either of edge portions of the operative bodies and edge portions of the first 
diaphragm, at positions arranged around the central point of the first diaphragm at 
regular angular intervals and at the same distance from the central point. 

31. (Previously Presented) The 6-axis sensor according to claim 16, characterized in that each 
of the strain gauges is made of a piezoresistance element. 

32. (Previously Presented) The 6-axis sensor according to claim 16, characterized in that each 
of the strain gauges is made of a thin film of chromium oxide formed on an insulating film. 




portion on the plane corresponding to the operative bodies, and the central point 
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